In recent years, there has been a growing interest in monitoring heavy metal contamination of spices. The concentrations of some heavy metals (lead, zinc, nickel, copper, iron, and mercury) in 15 common spices available at local markets in the Kumasi Metropolis were determined using Atomic Absorption Spectroscopy (AAS) from October, 2008 to February, 2009. The study showed differences in metal concentrations according to the edible part (root, stem, leaf, and fruit). The range of the concentrations of metals in dry weights were; Lead 0.1153 -0.0973 g/kg, Zinc 0.074 -0.059 g/kg, Nickel 0.0735 -0.0593 g/kg, Copper 0.0210 -0.009 g/kg, Iron 0.4942 -0.1100 g/kg, Mercury 1.300*10 -6 -2.493*10 -5 g/kg respectively. Most of the levels in the spices were acceptable with the exception of lead which was above the standard limit approved by WHO and FAO for some of the samples. Consumers of these spices would not be exposed to any risk associated with the daily intake of 10g of spices per day as far as metals; Zinc, Nickel, Copper, Iron and Mercury are concerned. However Lead levels in Ginger, Negro pepper and Cinnamon were above the standard value of 0.1 g/kg. Generally most of the spices available on the market are safe for human consumption as far as trace metal levels are concerned.
INTRODUCTION
In the last three decades, mainly because of their medicinal values, the use of spices and other herbs has increased markedly in most regions of the world, including Europe and North America. For instance, during this period, herbal medication in the USA has grown into an industry worth an average of $1.5 billion per year, with projected annual growth of 15 % ( Abebe, 2006) . Many common spices have outstanding antimicrobial effects. On the other hand, the process of preparation and handling can make them a source of food poisoning (Sherman and Billing, 1998) .
With the current emphasis on eating more healthy diets that are low in fat and salt, people are turning to various herbs and spices to flavor their food. The culinary herbs and spices that are used to enhance the flavor of vegetables, soups, stir-fry, and pasta dishes can be derived from the bark, buds, flowers, leaves, fruit, seeds, rhizome, or roots of a plant (Culinary Nerb, 2009 ).
The presence of essential metals like iron, copper, nickel and zinc are very useful for the healthy growth of the body though very high levels are intolerable, metals like mercury, lead, cadmium etc are toxic at very low concentrations.
The addition of spices that may be contaminated with trace and heavy metals to food as a habit may result in accumulation of these metals in human organs and lead to different health troubles (Al-Ed et al, 1997) These metals may reach and contaminate plants, vegetables, fruits and canned foods through air, water and soil during industrial processing and packaging (Ozores et al, 1997) . The study of these heavy metals is crucial because they have potential hazardous effect, not only on compounds but human health as well. This is due to their cumulative behavior and toxicity although they are generally present in agricultural soils at low levels (Ozkutlu et al, 2006) .
In Ghana, spices have varied uses (FAO, 2009) , however, there is little information available about the safety of these spices with respect to heavy metal contamination. Monitoring the levels of heavy metal toxicity in spices would help ascertain the health impact of taking these spices, and provide relevant data on spices in the country. Moreover, The Ghana Food and Drugs Board would be aided or informed of the safety or otherwise of the spices in circulation.
The main objective of this study was to determine the content of some heavy metals (Cu, Ni, Hg, Zn, Fe and Pb) in some common spices available in markets of Kumasi Metropolis of Ghana.
METHODOLOGY
Sampling and Classification: Samples of common spices were collected from the Kumasi central market and classified according to the used part of the plant, their English, scientific, and local names [ Table 1 ]. Samples were kept in polythene bags and kept in a cool dry cardboard prior to analyses. Experimental Procedures: Samples were cleaned and oven-dried at 80 o C for ≈ 12 hrs before chemical analysis. The dried samples were ground in a mortar with pestle till a fine powder was obtained. The powder was sieved with a 0.5 mm mesh and kept dry for analysis For determination of heavy metal concentrations, a wet digestion of the dried samples was done according to the method described by Jones and Case (1990) using conc. H 2 SO 4 and 30% H 2 O 2 mixture. To a 0.5 g of dry-ground sample placed in 100 ml beaker, was added 3.5 mL of 30 % H 2 O 2 .The content of the beaker was heated to 100 o C, and the temperature was gradually increased to 250 o C, and left at this temperature for 30 min. The beaker was cooled and an additional 1 ml of 30 % H 2 O 2 was added to the digestion mixture and the contents were reheated. The digestion process was repeated more than one time until a clear solution was obtained (Kalra, 1998) . The clear solution was transferred into a 50 ml volumetric flask, and completed to the mark with double distilled water. A blank digestion solution was made for comparison. A standard solution for each element under investigation was prepared and used for calibration. Metal measurement was performed with a Perkin-Elmer model 900 (precise) Atomic Absorption Spectrophotometer, double beam and deuterium background correction. Hollow cathode lamps of Pb, Zn, Fe, Cu and Ni were used at the specific wave length of every metal. Measurements were done against metal standard solutions (Perkin Elmer, 2005) .
RESULTS AND DISCUSSION
Essential metal (Fe, Zn, Cu and Ni) and Heavy metal (Pb and Hg) analyses have been performed on 15 local spices and the outcome has been presented in tables 2 and 3.
For the selected metals, Cu, Ni, Zn, Fe, Pb, Hg, the recorded concentrations in mg/Kg ranged between 9-21, 31-50, 59-74, 110-494 96-115 1.230*10 -3 -2.493*10 -2 respectively. However, the WHO limits in spices for Cu, Ni, Zn, Fe, Pb, Hg are 50, 50, 100, 300, 100, 10 mg/Kg respectively.
The highest value of 21 mg/kg for Cu was registered for W.A. Locust bean, whiles Garlic and Ginger both recorded the lowest value of 9 mg/kg. All the samples recorded less than half the WHO limit for Cu in the spices. Therefore the Cu levels of the samples are relatively very tolerable. Ozkutlu et al, 2006 , reported of a range of 3 to 11 mg/kg for Cu levels in some spices whiles a previous work reported 6 -17 mg/kg (Ozkutlu et al, 1997) .
All the samples also met the WHO limit of 50 mg/kg for Ni. However the levels were apparently greater than half the WHO limit. W.A. Locust Bean and Ani Seeds had values equal to the WHO limit. It is therefore imperative to perform routine monitoring on the levels of Ni in these well-patronized spices so as to avert encountering prolific nickel toxicity. Zinc is an essential element. Zinc plays an important role in growth and has a recognized action on more than 300 enzymes by participating in their structure or their catalytic and regulatory action. Zinc deficiency has been known to cause growth retardation and hypogonadism. Several mechanisms of growth retardation and hypogonadism due to zinc deficiency have been suggested. Zinc affects growth hormone (GH) metabolism. Conversely, Growth Hormones affects zinc metabolism. Zinc deficiency may also affect bone metabolism and gonadal function (Nishi, 1996) . Just as inordinately high amounts of zinc could be more deleterious than nutritious, the WHO limit is not to be exceeded. However, the range of zinc (59 to 74mg/kg) was very well below the limit and may be considered tolerable. A study in Nigeria on food however had relatively very low levels of 0.06 -56.9 mg/Kg (Oninwa et al, 2001) .
Iron is also an essential element and a common element in humans and plants. They occur predominantly in plants in the form of phytate complexes. They may also be in the form of inorganic iron salts such as Ferric hydroxides. Thus Iron has a relatively high WHO level in foods. However, Aniseed, Cinnamon, and Pepper had Fe levels of, 448,346 and 494 mg/kg respectively, which are distinctly beyond the WHO limit. Bay Leaf, Black Pepper, Galbanum, Curry Powder, Ginger, Rosemary and White Pepper may be considered alternate sources of Fe, as they recorded levels below that of the WHO but were yet rich in Fe, as far as this study report is concern.
Lead exposure has been shown to cause severe anemia, permanent brain damage, neurological disorders, reproductive problems, diminished intelligence and a host of other diseases. According to the Agency for Toxic Substances and Disease Registry, a division of the U.S. Public Health Service, the major exposure of lead to the general population in food is through fruits, vegetables and grains (McNamara, 2008) . However, the results of this study show that there are relatively significant levels of lead in the spices sampled. Cinnamon and Ginger have levels of 107 and 119 mg/kg respectively, which are marginally above the WHO limit of 100 mg/kg. All other samples are less than 4 units less than the WHO limit of 100 mg/kg. The relatively high levels of Pb might have resulted from accumulation of Pb through air pollution, inclusion or absorption at the mill during grinding, and from some pesticides, such as Lead Arsenates, applied during cultivation.
The consumption of fish is by far the most significant source of ingestion related mercury exposure in humans, although plants and livestock also contain mercury due to the bioaccumulation of mercury from soil, water and atmosphere, due to biomagnifications by ingesting other mercury containing organisms (USEPA, 2009) . The recorded range of mercury for the samples (1.23*10-3 to 2.493*10-2 mg/kg) is submissively below the WHO 10 mg/kg. Hence, by virtue of the level of the Hg, the sampled spices are of permissible safety.
Upon considering the results of Table 3 , the sampled spices (Galbanum, Pepper, White Pepper, Nutmeg, Garlic, Calabash Nutmeg, Negro Pepper, Black Pepper, Bay Leaf, Curry Powder, Cinnamon, Rosemary, Ginger, Aniseeds, W.A. Locust Bean) would be considered safe for human consumption except for Aniseed (448 mg/kg Fe), Cinnamon (346 mg/kg Fe; 107 mg/kg Pb), Ginger(115 mg/kg Pb), and Pepper (494 mg/kg Fe) which exceeded one or more of the WHO limits for either Fe and or Pb. Analytical Quality Assurance (AQA) Reagents: Analytical grade of reagents was used throughout the research process.
Calibration: Standard solutions of the various metals were prepared from stock solutions for the calibration curves for all the metals. The stability of calibration was checked periodically by analyzing a standard solution. Blank samples made from only reagents without sample were analyzed to get rid of any background concentration metals in the system. The equations of the calibration curves of the metals were as follows: All the curves gave regressions more that 0.9, an indication of the reliability of the curves.
Values obtained
The Tables 2 and 3 .
Parameter Recovery
Standards of the various parameters were subject trough the various methods in order to check the reliability of the data and the following results were obtained (Table 5 ) Recovery analysis for all the metals determined gave results above 95%, an indication of the reliability of the results. The Ghana Food and Drugs Board with the Ghana Standards Board are members of ISO and work in close collaboration to ensure ISO standards in including TC 34/SC 17 (Management systems for food safety).
CONCLUSION
It can be concluded on the basis of results that the majority of the spices used in the Kumasi Metropolis are not contaminated with heavy metals except a few cases of Aniseed, Cinnamon, Ginger and Pepper. Excessive use of these could therefore pose a health hazard to consumers.
ACKNOWLEDGMENT:
The researchers are grateful to the Department of Chemistry of Kwame Nkrumah University of Science and Technology for the use of their facilities and also to Mr. Cheetan Mingel of the Food and Drugs Board Ghana for his support in the metal analysis.
